Two experiments were conducted to investigate using alfalfa leaf meal (ALM; 22% CP, DM basis) in beef cattle diets. In Exp. 1, a total of 24 lategestation Angus heifers (initial BW 470 ± 9 kg) were blocked by BW, calving date, and BCS to 1 of 4 dietary treatments in a randomized complete block design. All heifers were offered a basal hay diet (7.4% CP and 67.6% NDF, DM basis). Treatments were arranged as a 2 × 2 factorial consisting of CP supplied at 100 or 112.5% of the recommended daily intake using either soybean meal (SBM) or ALM as the supplemental protein source. Treatments were fed for an average of 100 d before calving. Total DMI was unaffected by supplemental protein source, although heifers consumed more (P < 0.001) ALM supplement than SBM supplement at the expense of hay and corn. Feeding 112.5% of recommended CP to heifers increased precalving rate of BW gain (P = 0.004) and DM digestibility (P = 0.003). Protein source did not affect DM digestibility (P = 0.17). Neither supplemental protein source nor protein amount affected changes in BCS or calving traits. In Exp. 2, replicates of treatments were conducted over 2 consecutive years at 2 locations in northern Minnesota to determine the effects of including ALM in creep-fed supplements on nursing calf performance, supplement BW gain efficiency (GF; BW gain over control/supplement intake), and cow performance. Treatments were control (no supplement), ALM supplement (58% ALM, as-fed basis), or a wheat middling-and soybean hullbased supplement (MIDD). Milk intake (estimated by the weigh-suckle-weigh technique) was similar among treatments. Creep-fed calves had greater (P < 0.001) ADG than control calves, whereas calves offered MIDD tended to have greater ADG (P = 0.05) than those offered ALM (1.38 vs. 1.30 kg/d, respectively). Calves offered MIDD had greater (P < 0.001) creep feed DMI than those offered ALM (2.6 vs. 1.3 kg/d, respectively). A year × treatment interaction was noted for GF (P = 0.02). In yr 1, GF for calves offered ALM was greater (P = 0.006) than GF for calves offered MIDD, but in yr 2, there were no differences. Alfalfa leaf meal may substitute for SBM in beef heifer wintering diets and conventional creep feed ingredients. When included in creep feed diets, ALM can result in slightly less ADG and less DMI, but supplement conversion efficiency may be increased.
INTRODUCTION
Alfalfa leaf meal (ALM), a coproduct of the biomass energy and feed processing industries, is produced by the separation of leaves and stems of the alfalfa plant. Alfalfa leaf meal has energy content similar to highquality hays or small grain silage (DiCostanzo et al., 1999) , but has less fiber content and contains more digestible DM than the stem fraction or whole alfalfa (Collins, 1988; Buxton and Brasche, 1991; Titgemeyer et al., 1992; Bourquin and Fahey, 1994) . Reported CP concentrations ranged from 22 to 28% (Jorgensen et al., 1997; DiCostanzo et al., 1999) in ALM, and the concentration of Ca in this study was 2.9%.
Supplementation of forage-based diets with alfalfa can increase DMI and digestibility (DelCurto et al., 1990; Hannah et al., 1991; Stafford et al., 1996; Weder et al., 1999) . Increasing dietary CP in forage-based cow diets can improve BCS and reduce BW loss (DelCurto et al., 1990, Vanzant and Cochran, 1994) . Supplementing nursing calves with fiber-based creep feeds improved ADG , possibly as a result of increased total OM intake Reed et al., 2006) . Alfalfa leaf meal may be suitable for supplementing forage beef cattle wintering diets and as a source of protein and energy in creep feed supplements. The objectives of this study were to compare ALM with soybean meal as a protein supplement in gestating beef heifer diets and ALM with wheat middlings-soybean hulls as a base ingredient in creep feed for nursing beef calves.
MATERIALS AND METHODS
All protocols were approved by the Institutional Animal Care and Use Committee of the University of Minnesota. These experiments were conducted at the North Central Research and Outreach Center, Grand Rapids, MN (47°15′ N, 93°30′ W).
Animals and Management
Exp. 1. Twenty-four late-gestation Angus heifers (initial BW = 470 ± 9 kg) were blocked by BW, calving date, and BCS to 1 of 4 dietary treatments for a late-gestation wintering period in a randomized complete block design. Treatments were arranged as a 2 × 2 factorial consisting of CP intake at 100% (NRC) or 112.5% (high) of the recommended daily intake (NRC, 1996) using either soybean meal (SBM) or ALM as the supplemental protein source. Diets consisted of grass hay (7.4% CP, 35.2% ADF), corn, and the respective protein supplement to provide 1.00 or 1.18 kg of CP/ animal per day, 60% TDN, 0.75% Ca, and 0.27% P (Table 1). Grass hay was harvested at the North Central Research and Outreach Center, Grand Rapids, MN.
Predominant grass species in the hay meadow were Kentucky bluegrass (Poa pratensis) and quackgrass (Elymus repens). Hay meadows were not fertilized or irrigated, and standing grass was allowed to mature completely before harvesting. Grass was mowed, allowed to dry, and then baled into 1.5 × 1.5 m round bales and immediately stored under cover in a hay shed. Before feeding, hay was ground in a tub grinder through a 13-cm screen.
Diets were balanced for mineral and vitamin content using premixes added to the protein supplement. Composition of supplements is provided in Table 1 . Supplements and hay were mixed and offered as a total mixed ration. Heifers were individually fed in tie stalls for the duration of the study. Heifers were allowed access to feed between 1400 and 0700 h, and were allowed access to water and an exercise area between 0700 and 1400 h every day. The experiment ended as each heifer calved; supplementation lasted for an average of 100 d.
Exp. 2. Over 2 consecutive years (1998 and 1999), 78 (yr 1 = 30; yr 2 = 48) Charolais and Simmental calves and 165 (yr 1 = 70; yr 2 = 95) Angus calves (initial BW = 140 ± 5 kg for all calves) were used at 2 locations, respectively. Cattle were assigned to pastures in June, and the study ended when calves were weaned in October. Calves were stratified by calf age, BW, and sex and were assigned randomly to 1 of 3 dietary treatments for a 76-d (yr 1) or 92-d (yr 2) creep-fed supplementation period beginning on August 1 (yr 1) or July 15 (yr 2). Treatments were a control (no supplement; n = 2 replicates at each location per year), an ALMbased supplement (58% ALM, as-fed basis; n = 2 or 3 replicates at each location per year), or a wheat middling-and soybean hull-based supplement (MIDD; n = 2 or 3 replicates at each location per year).
At location 1, a total of 5 or 6 cow-calf pairs were rotationally grazed on 8.10-ha paddocks of established, unimproved grass that consisted primarily of Kentucky bluegrass (P. pratensis) and quackgrass (E. repens). Cattle were placed in pastures and rotated through 2.03-ha cells according to forage growing conditions. Cattle were rotated when forage was grazed to an average height of 10.2 cm. Pairs were rotated every 5 to 10 d. At location 2, a total of 12 cow-calf pairs were rotationally grazed on 5.06-ha paddocks consisting primarily of alfalfa (Medicago sativa) and reed canarygrass (Phalaris arundinacea) or red clover (Trifolium pratense) and orchardgrass (Dactylis glomerata). Cattle were placed in pastures and rotated through 0.41-ha cells according to forage growing conditions. Cattle were rotated when forage was grazed to an average height of 10.2 cm. Pairs were rotated every 2 to 5 d.
Supplements were formulated to contain 1.08 Mcal of NE g /kg of DM and 17% CP, and were balanced for vitamin and mineral content (composition of supplements is presented in Table 2 ). Supplement was offered ad libitum in commercial creep feeders. Supplement offered and refusals were weighed weekly to determine daily intake. Calves were not implanted. The experimental period was completed when calves were weaned.
Data Collection
Exp. 1. Heifer BW and BCS (Wagner et al., 1988) were obtained at trial initiation and at calving. Heifers were observed for signs of parturition beginning 2 wk before the scheduled due date. When heifers calved, the calves were weighed, calving difficulty was scored on a scale of 1 to 5 (1 = no assistance, 5 = breech birth), and calf vigor was assessed using a score of 1 to 4 (1 = alert, stands and nurses quickly, 4 = stillborn). Diets were sampled weekly and composited every 28 d. Weekly DM samples, daily offerings, and refusals were used to compute DMI. Rations and refusals were measured and sampled daily, and fecal samples were collected at 2400 (d 1), 1800 (d 2), 1200 (d 3), and 0600 h (d 4) from individual heifers, with collections beginning on d 49 (early-calving heifers) or d 26 (late-calving heifers).
Exp. 2. Initial and final calf BW were the average of 2 consecutive BW taken 24 h apart. Cow BW and BCS were measured at trial initiation and on the final day of the experiment. Daily milk intakes were determined by the weigh-suckle-weigh technique (Green et al., 1991) , which was conducted once at the beginning of supplementation and then once at weaning. Briefly, calves were separated from cows for 12 h, allowed to nurse for 30 min, and then separated again for 12 h. Calves were then weighed, allowed to nurse for 30 min, and subsequently weighed again. Differences in calf BW, extrapolated over a 24-h period, were determined to be daily milk intake.
Diet Analysis for Exp. 1
Weekly diet samples were dried in a forced-air oven at 60°C for 48 h to determine DM, ground through a 1-mm screen in a Wiley mill (Thomas Scientific, Swedesboro, NJ), and subsequently composited for 28-d periods. Nitrogen and CP content determination was conducted by steam distillation using a Kjeltech 1035 nitrogen analyzer (Tecator, Höganäs, Sweden). Sequential detergent fiber analysis (Van Soest and Robertson, 1980) , with an Ankom 200 fiber analyzer (Ankom Technology Corp., Fairport, NY), was used to determine NDF and ADF concentrations (Van Soest et al., 1991) .
Samples of rations, refusals, and feces were dried at 60°C in a forced-air oven for 48 h, and then ground through a 1-mm screen in a Wiley mill (Thomas Scientific). Diet DM digestibility was determined using AIA as an internal marker according to the procedures described by Van Keulen and Young (1977) . Briefly, fecal samples were composited across the 4-d sampling period. After determination of DM, feed and fecal samples were ashed at 450°C for 8 h and the ash was then boiled in 100 mL of 2 N HCl for 5 min. Samples were then filtered through Whatman No. 541 filter paper (ashless; Whatman International Ltd., Maidstone, Kent, UK) in a vacuum system. Samples and filter paper were again ashed again for 8 h. Dry matter digestibility was calculated using the following formula (Van Keulen and Young, 1977; Thonney et al., 1980) : 100 − [100 (AIA in feed/AIA in feces)].
Statistical Analysis
Exp. 1. Body weights, ADG, BCS, BCS change, DMI, calving traits, and DMD were analyzed using the individual heifer as the experimental unit in a randomized complete block design as a 2 × 2 factorial, using the MIXED procedure (SAS Inst. Inc., Cary, NC). Main effects were protein source, protein intake, and the associated interactions. When significant (P < 0.05) model differences were noted, least squares means were separated by the PDIFF function of SAS. Exp. 2. Body weights, ADG, BCS, supplement intakes, and gain efficiency (GF; supplemented calf BW gain over control calf BW gain divided by supplement intake) were analyzed using the replicate as the experimental unit for a randomized block design using the MIXED procedure of SAS. Main effects were protein source, location, year, replicate, and the interactions of protein source and year, and protein source and location. The contrast statement within the MIXED model was used to compare the control treatment means with the pooled treatment means of ALM and MIDD. When significant (P < 0.05) model differences were noted, least squares means were separated by the PDIFF function of SAS.
RESULTS AND DISCUSSION

Exp. 1
When feeding hay to late-gestation beef heifers, it may be necessary to supplement the diets to meet energy and protein demands (NRC, 1996) . When additional protein is required, coproducts of the milling and oilseed industries can be a cost-effective way to add CP to beef cattle diets. In this study, SBM, a commonly used protein supplement, was compared with ALM, a coproduct of the energy and feedstuff industries. Diets were formulated to provide CP at either recommended (NRC) amounts or at 112.5% (high) of recommended amounts (NRC, 1996) . The average CP recommendation from NRC (1996) for the late-gestation heifers in this study was 967 g/d. Actual average CP intake for the NRC treatment group was 940 g/d (97% of recommended), and for the high treatment group, average CP intake was 1,080 g/d (112% of recommended).
No interactions (P ≥ 0.11) between protein source and protein amount were noted, so least squares means for main effects are reported in Table 3 . Heifer DMI was unaffected by protein source (P = 0.96) or protein amount (P = 0.44). Diets in this study were formulated to provide, at a minimum, the recommended CP amounts, so the lack of difference in DMI attributable to CP amount was not surprising. Previous research has shown increases in OM intake in response to CP supplementation (McCollum and Galyean, 1985; Baumann et al., 2004) as long as increases in energy content are paired with corresponding increases in degradable protein (Chase and Hibberd, 1987; Bodine et al., 2000) . Apparent diet DM digestibility was calculated at either d 49 (early-calving block) or d 26 (late-calving block). The high diet had greater (P = 0.003) apparent DM digestibility than the NRC diet. Baumann et al. (2004) reported increased dietary OM disappearance in beef steers when medium-quality forages (7.0% CP and 72.1% NDF, DM basis) were supplemented with CP (soybean hulls, sunflower meal, or both). When supplementing medium-quality prairie hay (74.6% NDF and 6.1% CP, DM basis) with corn and either SBM, cottonseed meal, or both as a source of degradable protein, Bodine et al. (2000) reported that protein supplementation increased total OM digestibility. There were no differences (P = 0.17) between ALM and SBM in diet apparent DM digestibility.
Heifer ADG was not affected (P = 0.22) by protein source, but heifers that were offered the high diet had greater (P = 0.004) ADG than heifers fed the NRC BCS (1 = emaciated to 9 = obese; Wagner et al., 1988) . Alfalfa leaf meal in beef cattle diets diet. Change in BCS was not affected by protein source (P = 0.78) or protein amount (P = 0.58). Increases in ADG attributable to CP amounts above the requirements are consistent with the results of De Gracia and Ward (1991) and Rusche et al. (1993) . Feeding CP at greater amounts than required may have resulted in more escape protein present at the small intestine, possibly resulting in increased ME utilization (MacRae et al., 1985) and subsequently more BW gain. Rusche et al. (1993) reported that supplementing 2-yr-old primiparous beef cows fed prairie hay (6.1% CP, DM basis) CP at 150% of requirements (NRC, 1984) increased ADG compared with supplementing at 100% of CP requirements. Those authors speculated that the greater amount of escape protein increased the glucose entry rate into the small intestine (König et al., 1984; Teleni et al., 1989) and, as a result, enhanced performance. It is unclear if feeding CP at 112% of requirements would create enough difference at the small intestine to create the differences noted in this study. Calving traits (calving ease, calf birth weight, and calf vigor; Table 3) were not affected by protein source (P = 0.29, P = 0.31, P = 0.49, respectively) or protein amount (P = 0.29, P = 0.88, P = 0.49, respectively). Beck et al. (1992) supplemented ammoniated wheat straw (9.5% CP and 82.5% NDF, DM basis) with 2 amounts of sorghum grain, SBM, or both in prepartum cows and reported no differences in calf birth weights. Fike et al. (1995) , in a similar trial, supplemented lategestating beef cows consuming ammoniated wheat straw (10.5% CP and 76.0% NDF, DM basis) with supplements of varying amounts of CP (12.0, 20.1, or 31.7% CP) and noted no differences in calf birth weights.
Exp. 2
Supplemental feeds for nursing beef calves can vary by type and formulation, but generally are designed to increase nutrient availability as energy demand of the growing calf increases and as milk production and forage quality decrease (Lardy and Maddock, 2007) . Many creep feeds take advantage of reduced-cost coproducts, such as soybean hulls or wheat middlings, as a base ingredient, and these are usually offered ad libitum (Lardy and Maddock, 2007) in self-feeders that restrict access to other classes of cattle. This experiment compared 2 supplemental creep feeds, one composed of MIDD and the other using ALM as the base ingredient. With the exception of supplement GF, there were no treatment × year interactions. Main effects are shown in Table 4 .
There was no difference in milk intake at the beginning (P = 0.38) or end (P = 0.94) of each replicate among treatments, as estimated by the weigh-suckleweigh technique (Green et al., 1991) . This result supports previous work in which diet OM from creep feed replaced dietary forage OM, but not milk OM (Cremin et al., 1991) ; other studies have shown that supplementing feeds based on digestible fiber results in no depression of forage or milk intake and an increase in overall OM intake Soto-Navarro et al., 2004; Reed et al., 2006) . Conversely, in a study conducted on cow-calf pairs fed in a dry lot, Green et al. (1991) showed an inverse relationship between calf creep feed intake and milk intake. In that study, calves from Brahman and Sahiwal cross cows consumed 9% less creep feed (whole oats) than calves suckling Pinzgauer cross cows, whereas milk production (estimated by the weigh-suckle-weigh technique) was not different between breeds. Those authors speculated that the differences could be attributed to Pinzgauer cows producing more milk earlier and less milk later in their lactation curve compared with contemporaries from other breeds. As the nutritional needs of those calves increased, they may not have been met by lactation alone, which resulted in an increase in supplement consumption.
Calves supplemented with creep feed had greater (P < 0.001) ADG than those not supplemented, and calves supplemented with MIDD had slightly greater (P = 0.05) ADG than those supplemented with ALM. Previous work has shown that creep feed supplementation can improve nursing-calf ADG (Stricker et al., 1979 ; Treatment means within a row differ (P < 0.05).
1
Determined by the weigh-suckle-weigh method (Greene et al., 1991) .
2 BCS (1 = emaciated to 9 = obese; Wagner et al., 1988) .
Zehnder et al. Faulkner et al., 1994; Tarr et al., 1994) . The difference between calves offered MIDD and ALM may have been the result of greater (P < 0.001) creep feed DMI for calves supplemented with MIDD compared with ALM. Faulkner et al. (1994) demonstrated a linear increase in ADG with increasing creep feed intake. There was a treatment × year interaction for GF (P = 0.02; data not presented in tables). During yr 1, GF for calves supplemented with ALM was greater (P ≤ 0.006) than for calves supplemented with MIDD (0.19 vs. 0.10, SE = 0.03, respectively). During yr 2, there were no differences (P ≥ 0.76) in GF between ALM and MIDD supplements (0.10 and 0.11, SE = 0.03, respectively). Lusby (1981) reported a range of GF from 0.03 to 0.17 in beef calves offered energy-based creep feed ad libitum.
Creep feed supplementation or supplement source did not affect cow BW change (P = 0.28) or BCS change (P = 0.10; Table 4 ). Similar results were reported previously by Prichard et al. (1989) , Fordyce et al. (1996) , and Maddock et al. (2006) .
Our results demonstrated that ALM is a suitable substitute for SBM in wintering diets for gestating heifers or wheat middlings in creep feed supplements. Supplementing wintering diets for gestating heifers with ALM supplements had no detrimental effects on the performance of heifers or calves at birth. Alfalfa leaf meal appears to be a suitable substitute for traditional forage-based creep feed ingredients for supplementing nursing beef calves with slightly less ADG, but may result in more efficient conversions of creep feed supplement to calf BW gain.
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